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in the presence of free glutathione. The pGEX vectors are 
designed to include thrombin or factor Xa protease cleavage 
sites so that the cloned target gene product can be released 
from the GST moiety. 
5 In an insect system, Autographa calif omica nuclear 

polyhidrosis virus (AcNPV) can be used as a vector to 
express foreign genes. The virus grows in Spodoptera 
frugiperda cells. The coding sequence of the insert may be 
cloned individually into non-essential regions (e.g., the 
10 polyhedrin gene) of the virus and placed under control of an 
S AcNPV promoter (e.g., the polyhedrin promoter). Successful 

m insertion of the coding sequence will result in inactivation 

il of the polyhedrin gene and production of non-occluded 

*f recombinant virus (i.e., virus lacking the proteinaceous 

^5 15 coat coded for by the polyhedrin gene) . These recombinant 
£ viruses are then used to infect Spodoptera frugiperda cells 

^ in which the inserted gene is expressed (e.g., see Smith 

|4 et al., J. Virol. 46:584, 1983; and Smith, U.S. Patent 

1 No. 4,215,051) . 

jU 2 0 In mammalian host cells, a number of viral-based 

expression systems may be utilized. In cases where an 
adenovirus is used as an expression vector, the nucleic acid 
molecule of the invention can be ligated to an adenovirus 
transcription/translation control complex, for example, the 

25 late promoter and tripartite leader sequence. This chimeric 
gene may then be inserted in the adenovirus genome by 
in vitro or in vivo recombination. Insertion in a non- 
essential region of the viral genome (e.gr., region El or E3 } 
will result in a recombinant virus that is viable and 

3 0 capable of expressing a GLUTX gene product in infected hosts 
(e.g., see Logan and Shenk, Proc. Natl. Acad. Sci . USA 
83, : 3655-3659 , 1984). Specific initiation signals may also 
be required for efficient translation of inserted nucleic 
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acid molecules. These signals include the ATG initiation 
codon and adjacent sequences. In cases where a complete 
gene or cDNA, including its own initiation codon and 
adjacent sequences, is inserted into the appropriate 
5 expression vector, no additional translational control 
signals may be needed. However, in cases where only a 
portion of the coding sequence is inserted (e.g., the 
portion encoding the mature form of a GLUTX protein) 
translational control signals, including, perhaps, the ATG 

10 initiation codon, must be provided. Furthermore, the 

initiation codon must be in phase with the reading frame of 
the desired coding sequence to ensure translation of the 
entire insert. These exogenous translational control 
signals and initiation codons can be of a variety of 

15 origins, both natural and synthetic. The efficiency of 

expression may be enhanced by the inclusion of appropriate 
transcription enhancer elements, transcription terminators, 
etc. (see Bittner et al . , Methods in Enzymol . 153 : 516-544 , 
1987) . 

20 In addition, a host cell strain may be chosen that 

modulates the expression of the inserted sequences, or 
modifies and processes the gene product in the specific 
fashion desired. Such modifications {e.g., glycosylation) 
and processing (e.g., cleavage) of protein products may be 

25 important for the function of the protein. Different host 
cells have characteristic and specific mechanisms for the 
post-translational processing and modification of proteins 
and gene products. Appropriate cell lines or host systems 
can be chosen to ensure the correct modification and 

3 0 processing of the foreign protein expressed. To this end, 
eukaryotic host cells that possess the cellular machinery 
for proper processing of the primary transcript, 
glycosylation, and phosphorylation of the gene product can 
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be used. The mammalian cell types listed above are among 
those that could serve as suitable host cells. 

For long-term, high-yield production of recombinant 
proteins, stable expression is preferred. For example, cell 
5 lines which stably express GLUTX can be engineered. Rather 
than using expression vectors that contain viral origins of 
replication, host cells can be transformed with DNA 
controlled by appropriate expression control elements (e.g., 
promoter sequences, enhancer sequences, transcription 

10 terminators, polyadenylation sites, etc.), and a selectable 
marker. Following the introduction of the foreign DNA, 
engineered cells can be allowed to grow for 1-2 days in an 
enriched media, and then switched to a selective media. The 
selectable marker in the recombinant plasmid confers 

15 resistance to the selection, and allows cells to stably 
integrate the plasmid into their chromosomes and grow to 
form foci which, in turn, can be cloned and expanded into 
cell lines. This method can advantageously be used to 
engineer cell lines that express GLUTX. Such engineered 

20 cell lines may be particularly useful in screening and 

evaluating compounds that affect the endogenous activity of 
the gene product (i.e., GLUTX). 

A number of selection systems can be used. For 
example, the herpes simplex virus thymidine kinase (Wigler, 

25 efc al . , Cell 11:223, 1977), hypoxanthine- guanine 

phosphor ibosyltransf erase (Szybalska and Szybalski, Proc. 
Natl. Acad. Sci . USA 48:2026, 1962), and adenine 
phosphoribosyl trans f erase (Lowy, et al . , Cell 22:817, 1980) 
genes can be employed in tk", hgprt" or aprt" cells, 

3 0 respectively. Also, anti-metabolite resistance can be used 
as the basis of selection for the following genes: dhfr, 
which confers resistance to methotrexate (Wigler et al . , 
Proc. Natl. Acad. Sci. USA 77 : 3567 , 1980; O'Hare et al . , 
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